Abundances of lithium, carbon, and oxygen have been derived using spectral synthesis for a sample of 249 bright F, G, and K Northern Hemisphere dwarf stars from the high-resolution spectra acquired with the VUES spectrograph at the Molėtai Astronomical Observatory of Vilnius University. The sample stars have metallicities, effective temperatures, and ages between (-0.7 ÷ 0.4) dex, (5000 ÷ 6900) K, (1 ÷ 12) Gyr, accordingly. We confirm a so far unexplained lithium abundance decrease at supersolar metallicities -A(Li) in our sample stars, which drop by 0.7 dex in the [Fe/H] range from +0.10 to +0.55 dex. Furthermore, we identified stars with similar ages, atmospheric parameters, and rotational velocities, but with significantly different lithium abundances, which suggests that additional specific evolutionary factors should be taken into account while interpreting the stellar lithium content. Nine stars with predominantly supersolar metallicities, i.e. about 12 % among 78 stars with C and O abundances determined, have the C/O number ratios larger than 0.65, thus may form carbon-rich rocky planets. Ten planet-hosting stars, available in our sample, do not show a discernible difference from the stars with no planets detected regarding their lithium content.
INTRODUCTION
In this work, we focus on a homogeneous abundance determination of the three important chemical elements -lithium, carbon, and oxygen -in a sample of dwarf stars and analyze the results in the light of extrasolar planet search surveys (e.g., NASA's Transiting Exoplanet Survey Satellite (TESS; Ricker et al. 2015) and the upcoming ESA's PLAnetary Transits and Oscillations of stars (PLATO; Rauer et al. 2014 ) which will focus on the bright targets, of which only a third has any spectroscopic studies.
The complex pattern of lithium abundance -A(Li) , observed in different types of stars in the Milky Way is a subject of ongoing discussions. 7 Li has three different nucleosynthesis sites -Galactic cosmic rays, stars, and primordial nucleosynthesis. Lithium is one of four elements synthesized in the primordial nucleosynthesis with the initial value of A(Li) = 2.72 dex. This value is predicted from the Big Bang nucleosynthesis models based on the results from the Wilkinson Microwave Anisotropy Probe (Cyburt et al. 2008) and is approximately three to four times higher than the observationally determined value from halo dwarfs (Spite & Spite 1982) . Stars are producing the majority of 7 Li in the Galaxy. It is still unclear whether the sources are red giants, asymptotic giant branch stars, novae, or core-collapse supernova. Carbon and oxygen, on the other hand, were synthesized in the post Big Bang epoch. Both elements, however, were formed by different processes. Carbon acts as a catalyst in the CNOcycle converting H to He. Carbon production occurs in stellar interiors, then it is dredged up from cores and mainly released into the interstellar medium by massive stellar winds, driven by radiation pressure from highmass stars (e.g., Gustafsson et al. 1999) . The low-and intermediate-mass stars contribute as well, but their relative importance and yields are not well understood. Carbon is one of the required elements for life, as we know it, and plays an important role in searching for habitable exoplanets.
Oxygen is the third most common element in the universe and is produced by hydrostatic burning in massive stars and then essentially mostly dispersed by the Type II supernovae. The oxygen abundance is one of the key tracers of the formation and evolution of planets, stars, and galaxies. The abundances of oxygen in atmospheres of stars, differently from carbon, remain almost constant during the lifetime of stars and thus can be studied to trace back the Galactic chemical evolution.
Every new analysis of these chemical elements in stellar atmospheres contributes to the ongoing discussion of their importance in understanding the Galaxy evolution and whether they constitute a star-planet connection (see, e.g., Delgado Mena et al. 2010; González Hernández et al. 2010; Brugamyer et al. 2011; Petigura & Marcy 2011; Schuler et al. 2011; Ramírez et al. 2012; Spina et al. 2016; Luck 2017; Adibekyan et al. 2018; Bensby & Lind 2018; Fu et al. 2018; Luck 2018a; Nissen & Gustafsson 2018; Guiglion et al. 2019; Pavlenko et al. 2019) .
For example, the sites of lithium production are identified, but their input for the lithium enrichment of the ISM is still debatable (Bensby & Lind 2018; Fu et al. 2018; Guiglion et al. 2019) . The poorly understood mechanisms of 7 Li depletion and/or synthesis observed in F-, G-, and K-type stars make it difficult to constrain the Galactic chemical evolution models (Cescutti & Molaro 2019) . Classical evolutionary models predict that the Li abundances in the main sequence (MS) stars should depend uniquely on the stellar main parameters such as the effective temperature, metallicity, age, or chromospheric activity. According to the work by Israelian et al. (2004) , the T eff (or mass) is the main parameter responsible for the Li depletion in solartype stars. The second depletion driving parameter is the stellar age, while the third parameter could be a metallicity and/or rotation. Classical chemical evolution models show a smooth increase of lithium in relation to metallicity (Romano et al. 2001; Prantzos 2012) . Those models have some limitations and neglect several key physical processes such as gravitational settling, thermal diffusion, and radiative acceleration, rotational mixing, mass loss -any of which could be critical for the interpretation of 7 Li abundances in solar-type stars (Fu et al. 2015) .
The same stars that produce 7 Li , destroy it as well. Lithium nuclei are burned through the proton capture when they are exposed to temperatures 2.5 × 10 6 K. 7 Li depletion observed in the Sun is inconsistent with the classical models. In order to explain the observations, lithium must be transported from the convection zone to the hot layers where the temperature is more than 2.5 × 10 6 K (Israelian et al. 2004) .
From observational data we also see that 7 Li abundances in stars above the solar metallicity show lower values than those at the solar metallicity, suggesting a puzzling decrease of lithium. Recent high-resolution spectroscopic surveys of the Milky Way disk have reported that lithium abundances in the solar neighborhood decrease at supersolar metallicities. Delgado Mena et al. (2015) were some of the first to show that the 7 Li abundance decreases with [Fe/H] > 0 and later works by Guiglion et al. (2016) in the AMBRE project, Fu et al. (2018) in the Gaia-ESO Survey, and Bensby & Lind (2018) from combined data of various spectrographs (e.g., FEROS and MIKE) confirmed this result. The studies by Guiglion et al. (2016) and Prantzos et al. (2017) tried to explain the 7 Li decreases at supersolar metallicities with stellar migration. The behavior of 7 Li observed in high-resolution spectroscopic surveys can be explained by the interplay of mixed populations that originate in the inner regions of the Galaxy disk. The recent work by Guiglion et al. (2019) claims that stars have lower 7 Li content as a consequence of insideout disk formation and radial migration.
Other mechanisms such as the presence of planets have been proposed to be responsible for additional 7 Li depletion. The work of King et al. (1997) was the first to suggest a connection between 7 Li depletion and planet hosts after finding a difference in 7 Li abundance for the very similar stars of the double system 16 Cyg, in which one of the stars is known to be a host to a Jupiter sized planet. Israelian et al. (2004) and Chen & Zhao (2006) have suggested that Li depletion could be a result of planet migration, creating instability that produces effective mixing. The protoplanetary disk retains a large amount of angular momentum and therefore creates some rotational breaking in the host stars during the pre-MS phase inducing an increased mixing. Théado & Vauclair (2012) suggested that the accretion of metal-rich planetary material onto a star in its early phases could induce the thermohaline convection below the convective zone and lead to the extra 7 Li depletion in stars.
The discussion on 7 Li depletion on exoplanets hosts was revived by Figueira et al. (2014) and Delgado Mena et al. (2015) , who concluded that exoplanet hosts show a significant 7 Li depletion when compared to hosts without planets. Later work by Bensby & Lind (2018) found that there is no difference in 7 Li abundances in stars with detected planets compared to those with no (at the moment) detected planets.
In the case of the evolution of carbon and oxygen abundances in the Galaxy, they can be used to set constraints on stellar nucleosynthesis and to help understand the formation and evolution of the Milky Way. The information about the origins and evolution of carbon and oxygen may be obtained from differences in the elemental ratios [C/Fe], [O/Fe], and [C/O] when looking at two stellar populations -thin and thick disk. The study by Reddy et al. (2006) has found evidence of a systematic difference in [C/Fe] between thin-and thick-disk stars. This difference was not confirmed by Bensby & Feltzing (2006) . Furthermore, in the work by Cescutti et al. (2009) it was shown that there is a clear distinction between the trends of [C/O] in the thin and thick Galactic disk comparing the results from observational data with the predictions of Galactic chemical evolution models. Cescutti et al. (2009) suggest that the differences in [C/O] versus [O/H] for the two disks show that the thick disk is not made from the thin-disk material by dynamical heating of the thin disk, or that it was not possible to make the lower metallicity thin disk from the thick-disk material.
The past decade induced the theoretical and observational studies of carbon and oxygen abundances in stars in the context of determining a composition of extrasolar terrestrial planets, assuming that the composition of the host star and its protoplanetary disk is interrelated (see, e.g., Bond et al. 2010; Petigura & Marcy 2011; Nissen et al. 2014; Delgado Mena et al. 2015; Madhusudhan et al. 2016; Bedell et al. 2018 , and references therein). C and O and their elemental number rations C/O 1 could also be used to derive information related to the starplanet connection as in the case of lithium depletion. The proportions of carbon, oxygen, and rock-forming elements like magnesium, silicon, or iron determines the structure and composition of planets. The C/O elemental number ratio controls the amount of carbides and silicates formed in planets (Larimer 1975) .
In the theoretical work by Bond et al. (2010) the authors concluded that C/O and Mg/Si elemental ratios are important in determining the mineralogy of extrasolar terrestrial planets. The work shows that if the C/O ratio is greater than 0.8 (under the assumption of equilibrium), Si exists in a solid form primarily as carbide, and is a factor of two higher than the solar ratio, C/O 0.55 (Caffau et al. 2010 ). On the other hand, if this ratio of C/O is below the 0.8 value, Si will form silicates (SiO etc.) and be present in rock-forming minerals. This has led to suggestions that there should exist exoplanets consisting of carbides and graphite instead of Earth-like silicates (Bond et al. 2010) .
However, as a result of the chemical properties of C the gaseous C/O number ratio in planets can vary from the stellar value depending on different parameters (temperature, pressure, etc.) and processes during planet formation, including the initial location of formation of the planetary embryos, the migration path of the planet, and the evolution of the gas phase of a protoplanetary disk (Thiabaud et al. 2015a,b; Madhusudhan et al. 2016) .
The recent works by Suárez-Andrés et al. (2018) and Bedell et al. (2018) aimed to determine the mineralogy of planetary companions looking at C/O number ratios of planet hosts. In the work by Suárez-Andrés et al. (2018) , the determined C/O ratios revealed different kinds of planetary systems that can be formed, most of them unlike to the solar system. They found that 100 % of their sample of stars with detected planets has C/O< 0.8. Meanwhile, in a spectroscopic study of Sun-like stars, Bedell et al. (2018) found that the ratios of C/O in solar metallicity stars are homogeneous to within 10 % throughout the solar neighborhood, implying that exoplanets may exhibit much less diversity in their composition than previously thought. The recent work by Pavlenko et al. (2019) determined carbon and oxygen abundances in atmospheres of the supersolar metallicity stars with and without detected planets and confirmed that metal-rich dwarf stars with planets are more carbon-rich in comparison with nonplanet host stars, with a statistical significance of 96 %.
In this work, we pay special attention to determine the lithium, carbon, and oxygen abundances in a sample of dwarf stars, mainly of spectral classes F, G, and K, in the solar neighborhood with the aim to provide new key insights in the era of exoplanet surveys. Here we address some of the problems mentioned above by homogeneously determining precise abundances of Li, C, and O and analyzing links between the lithium abundance and stellar parameters (e.g., age, T eff , metallicity, and rotation) in dwarf stars. The choice of using only dwarf stars is due to the fact that their atmospheres should present the original chemical composition of their birth places and carbon abundances in the atmospheres of dwarf stars are not affected by internal mixing of material comparing to giants.
STELLAR SAMPLE AND ANALYSIS

Observational Data Set
This work is based on spectroscopic data from the Spectroscopic and Photometric Survey of the Northern Sky (SPFOT) project Mikolaitis et al. (2018 Mikolaitis et al. ( , 2019 . The SPFOT survey aims to provide the detailed chemical composition and the main spectroscopic parameters (e.g., T eff , log g , and [Fe/H] ) for bright stars (V < 8 mag) in the northern sky. Spectral observations for this project were carried out with the 1.65 m telescope at the Molėtai astronomical observatory of Vilnius University in Lithuania and the high-resolution Vilnius University Echelle Spectrograph (Jurgenson et al. 2016) covering a wavelength range from 4000 to 9000Å. From this survey, we took a data set consisting of 249 F, G, and K spectral type dwarf and subgiant stars observed in 2017-2018. The reader is directed to the papers by Mikolaitis et al. (2018 Mikolaitis et al. ( , 2019 for a more detailed description of the observations, data reduction, determination of the main atmospheric parameters, stellar ages, and detailed abundances for 17 elements (Na, Mg, Al, Si, S, K, Ca, Sc, Ti, Vi, Cr, Mn, Fe, Co, Ni, Cu, and Zn). Like in the previous papers, we used a spectral synthesis method and the code TURBOSPECTRUM (Alvarez & Plez 1998) with the MARCS stellar atmospheric models (Gustafsson et al. 2008) . Unlike in previous papers where abundances of chemical elements were determined using an automated software, the lithium, carbon, and oxygen abundances we determined visually inspecting the fits for each star. The lithium abundance A(Li) was determined from profiles of the Li I 6708Å line (if this line was too weak or too noisy, only the upper limit A(Li) was determined), see Figure 1 . The fits for some Li-rich stars are provided in Figure 2 where the best fit was determined by eye and represented by the (red) middle solid line whereas the other two solid lines indicate ±0.1 dex.
The nonlocal thermodynamic equilibrium (NLTE) effects are negligible for the majority of stars in our sample and have not been taken into account, as for stars with larger lithium abundances they would be lower than 0.1 dex, thus the results are valid within the assumptions of 1D model atmospheres in LTE and hydrostatic equilibrium (see, e.g. Lind et al. 2009 ).
For the carbon abundance determination we used two regions: C 2 Swan (1, 0) band head at 5135Å and C 2 Swan (0, 1) band head at 5635Å. The oxygen abundance was determined from the forbidden [O i] line at 6300Å ( Figure 3 ). The oscillator strength values for 58 Ni and 60 Ni, which blend the oxygen line, were taken from Johansson et al. (2003) . The NLTE effects for C 2 Swan bands have not been investigated in detail; however it is argued that NLTE effects should not affect the abundances significantly since the forbidden [C i] line and C 2 lines give the same carbon abundances (Gustafsson et al. 1999 ). On the other hand, the forbidden oxygen line at 6300.3Å has been studied extensively, and it is concluded that this line can be perfectly described in LTE (Asplund 2005) .
All the synthetic spectra have been calibrated to the solar spectrum by Kurucz (2005) with log A (Li) = 1.05, log A (C) = 8.39, and log A (O) = 8.66 taken from Grevesse et al. (2007) . Several examples of the synthetic spectra fits for C and O lines are presented in Figure 3 .
Uncertainties
There are two sources of errors in abundances determined in this work: 1) uncertainties caused by analysis of individual lines, including random errors of atomic data or continuum placement and signal-to-noise (S/N) ratio, that affect a single line, and 2) uncertainties in the stellar parameters, that affect all lines together. Uncertainties coming from the atomic data are mostly eliminated because of the differential analysis relative to the Sun. The calculated medians of atmospheric parameter determination errors from all the stars in our sample are presented in Table 1 . In this table medians of Li, C, and O abundance determination errors are introduced as well.
We calculated changes in abundances caused by the error of each individual atmospheric parameter, keeping other parameters fixed. Results are presented in Table 2 . As can be seen, the abundances are not very sensitive to the changes of atmospheric parameters, only the oxygen abundance sensitivity to the surface gravity is more visible.
Carbon and oxygen are bound together by the molecular equilibrium, therefore we measured abundances of these two elements in unison, even though carbon and oxygen abundances in dwarf stars are not very sensitive to each other. Exempli gratia in TYC 4349-205-1, (2017) values for a sample of 21 common stars. We would like to note, that for the comparison with Luck's (2017) work we use [O i] and C 2 data per line found in their Table 5 . Their Table 5 contains absolute values for carbon abundance from the C 2 Swan line primary indicator at 5135Å and oxygen abundances from the forbidden line at 6300Å, the same lines that we used for the carbon and oxygen abundance determinations. We decided to scale their absolute values for C 2 , oxygen and iron (Fe i) using the solar values from Grevesse et al. (2007) as in our work to be on the same elemental abundance scale.
Comparison with Other Studies
There are several other studies on carbon and oxygen abundance determinations with which we have fewer stars in common. For example, in the work by Petigura & Marcy (2011) we find eight stars in common and our [C/H] abundance values are on average 0.05 ± 0.10 dex lower than theirs. However, we see no difference for [O/H] abundance determination between the two studies. Table 3 shows an example of the online table containing the resulting lithium, carbon, and oxygen abundances, C/O number ratios as well as atmospheric parameters, whether the star belongs to the thin or thick disk, and other information on the stars in our analyzed sample. For column names and details see the Appendix. (This table is available in its entirety in machine-readable form.) Figure 7 . HR diagram in a surface gravity versus effective temperature plane. Stars are color-coded according to their A(Li) . The black lines show the evolutionary tracks, which were taken from the work by Girardi et al. (2000) with masses (0.6 ÷ 2.2) M and the fixed Zini = 0.019.
RESULTS AND DISCUSSION
In Figure 6 we show the distribution of lithium abundance A(Li) as a function of effective temperature T eff . Stars from our sample are color-coded by their ages. The lithium abundance versus effective temperature plane could be divided into six regions of interest: 1) the region of lithium-rich stars with A(Li) ≥ 2.0; 2) the area of Li-depletion at 5500 K ≤ T eff ≤ 5950 K; 3) the region of the lithium-poor stars at T eff > 6000 K; 4) the area of the lowest values A(Li) ≤ 1.0 at T eff < 5500 K; 5) the region of Li-abundant chromospherically active stars with 5200 K< T eff < 5700 K; and 6) the lithium desert with A(Li) ≈ 1.8 between 5950 K ÷ 6100 K. For the comparison in Figure 6 we plotted results from the work by Ramírez et al. (2012) as gray circles and triangles. This A(Li) versus T eff plane has similar trends found in previous studies (see, e.g., Ramírez et al. 2012; López-Valdivia et al. 2015; Luck 2017; Bensby & Lind 2018 ): 1) Lithium-rich dwarfs area. Stars with A(Li) ≥ 2.0 are located in a broad (∆ A(Li) 1.0) and a rather vague band that stops at T eff 5600 K. The highest values of lithium ( A(Li) ≥ 3) were found for seven stars which are among the hottest and youngest objects in our sample with effective temperatures T eff ≥ 6200 K and ages ≤2.8 Gyrs. A linear regression fit to the area of A(Li) ≥ 2.0 values shows that the slope per 1000 K equals to 0.4 ± 0.1 dex as indicated with the upper solid line in Figure 6 . We find that this value is close to the value of 0.45 ± 0.1 dex/1000 K found in the work of local metal-rich stars by Pavlenko et al. (2018) .
Next, we divided the stars with A(Li) ≥ 2.0 into two bins with abundances 2.0 ≤ A(Li) < 2.5 and A(Li) ≥ 2.5 and determined gradients for both. We obtained that the slope per 1000 K for the 2.0 ≤ A(Li) < 2.5 bin is 0.01 ± 0.07 dex and for the A(Li) ≥ 2.5 we got 0.28±0.09 dex as indicated by upper dashed lines in Figure 6 . Hence, the correlation between A(Li) and T eff is stronger for the bin where A(Li) ≥ 2.5 and is similar to the larger bin of A(Li) ≥ 2.0 while it is almost flat or non-existent for the 2.0 ≤ A(Li) < 2.5 bin.
2) Lithium-depletion area. We note a region of strong lithium depletion towards lower T eff in the relatively narrow range 5500 K ≤ T eff ≤ 5950 K (or M ∼ (0.9 ÷ 1.1) M ). As it is known, this depletion is due to a significant increase of convective depths of such stars since the deeper convection transports lithium to temperatures where it is destroyed. The mean age of these stars in our sample is 6.3 ± 1.5 Gyr.
3) Lithium-poor stars with T eff > 6000 K. Opposite to the mentioned area 2) we observe a fraction of dwarf stars with A(Li) < 2 with the effective temperature T eff > 6000 K, however, the majority of dwarfs have only A(Li) upper limits and the mean age of these stars is equal to 2.9 ± 1.15 Gyr. 4) Stars with A(Li) ≤ 1.0 at T eff < 5500 K. Moving towards the lower T eff < 5500 K, we see a number of lithium-poor stars with A(Li) ≤ 1. Some of stars have only upper limit values decreasing to A(Li) ≈ 0. In this region ( A(Li) ≤ 1.0 at T eff < 5500 K) lithium abundances reach a plateau which exist because the convection depth in such stars is not growing any more with decreasing temperatures (or masses) (see e.g., Luck 2017). 5) Li-abundant chromospherically active stars with 5200 K < T eff < 5700 K. This region was identified by Mishenina et al. (2012) while investigating a correlation between A(Li) and chromospheric activity of stars. We found two chromospherically active stars with M ∼1 M , [Fe/H] ∼ −0.1 and A(Li) ∼ 2.5 in this temperature region, while other stars with similar at-mospheric parameters had A(Li) ∼ 0.5. Chromospheric activity of TYC-4566-120-1 (π 1 UMi B, HD 139813) was investigated by e.g., Isaacson & Fischer (2010) , Eisenbeiss et al. (2013, and references therein) , and TYC-4609-535-1 (V368 Cep, HD 220140) was investigated by e.g., Zhang et al. (2015, and references therein) . Thus, we confirm the conclusion that chromospherically active stars may have quite large lithium abundances in this effective temperature interval. 6) Lithium-desert area. Lastly, the astonishing region of the so-called lithium-desert is clearly visible in the effective temperature range of 5950 K ÷ 6100 K with A(Li) ≈ 1.8 (see the red quadrangle in Figure 6 ). According to Aguilera-Gómez et al. (2018) , stars below the lithium-desert have evolved from the lithium dip. A diplike feature appears in A(Li) versus T eff plane around 6700 K, first seen in old clusters and less evident in field stars. These stars are more massive, more evolved and have lower A(Li) abundances compared to other stars of the same temperature, which are located above the desert and have higher Li abundances.
Looking at the Li abundance correlation with effective temperature for stars with A(Li) < 2, which is indicated in Figure 6 with a lower solid line, we see that the overall slope is quite similar to the one for stars with larger Li abundances ( A(Li) ≥ 2). The A(Li) slope per 1000 K equals to 0.6 ± 0.1. A corresponding slope found by Pavlenko et al. (2018) is a bit larger and equals to 0.85 ± 0.18 dex but has a larger error. We divided the stellar sample with A(Li) < 2 in two bins as well. The slopes for 1 ≤ A(Li) < 2 and A(Li) < 1 bins per 1000 K are equal to 0.01 ± 0.11 dex and 0.31 ± 0.07 dex, respectively. Hence, the correlation between A(Li) and T eff is stronger for the A(Li) < 1 bin and almost nonexistent for the 1 ≤ A(Li) < 2 bin (indicated by two lower dashed lines in Figure 6 ).
In Figure 7 , we show investigated stars in the temperature-gravity plane. The stars with measurable A(Li) and upper limits are shown as circles and triangles, respectively, and color-coded by their A(Li) . The black-lines indicate evolutionary tracks, which are taken from the work by Girardi et al. (2000) with masses (0.6 ÷ 2.2) M and fixed Z ini = 0.019. We see that the lowest A(Li) dwarfs are on the lower right part of the main sequence (MS) in the area of lowest T eff of the sample, whereas the highest Li abundances are spread in the region of the MS with highest T eff . A(Li) is predominantly higher among hotter and more massive stars. This main trend is in agreement with results of previous studies (see, e.g., Ramírez et al. 2012; Luck 2017; Bensby & Lind 2018; Fu et al. 2018; Pavlenko et al. 2018 ). However, there are stars with the same atmospheric parameters and ages but different lithium abundances. We show some examples in Table 4 . Within uncertainties, those stars have similar ages, atmospheric parameters, and rotational velocities, while their values of A(Li) differ significantly. It could mean that in addition to the abovementioned main parameters ( T eff , mass, age, etc.) lithium abundances in the stellar atmospheres can be affected by external factors such as presence of planets, planet migration, or inside-out disk formation and stellar radial migration (see Chen & Zhao 2006; Prantzos et al. 2017; Guiglion et al. 2019, and references therein) .
Lithium Abundances versus Metallicity
To study the Li depletion and the Li abundance in the ISM one has to look at the most Li abundant stars which reflect the initial Li abundances in the ISM (e.g., Lambert & Reddy 2004 , Delgado Mena et al. 2015 , Guiglion et al. 2016 . Following similar analyses, we binned our data every 0.15 dex in [Fe/H], except for the boundary regions as there are too few stars, and we made the metallicity bins of 0.3 dex for both the most metal poor (−0.80 to −0.50 dex) and the metal rich side (from +0.25 to +0.55 dex). In order to be consistent with previously mentioned studies, we took the six most lithium rich stars in every bin. The error bars represent the standard deviation between those six stars. The relation is shown in Figure 8 . When we try to trace the lithium abundance in the environment from which stars were formed, one has to keep in mind that lithium is easily destroyed in stellar interiors and on the other hand, some lithium can be produced as well. Thus, only dwarf stars with the largest Li abundances should be considered, as such stars have only burned lithium in their photo-spheres and do not contain any that would be freshly synthesized. In Figure 8 , we see that considering only the largest values of the Li abundances in dwarf stars, we confirm that there is a decrease of lithium at supersolar metallicities which cannot be explained by the most recent models (see Romano et al. 2001; Prantzos et al. 2017; Fu et al. 2018, and discussions therein) . This work shows that the closest and brightest stars in a small volume of space in the solar neighborhood also exhibit this trend. The largest lithium abundance of 3.0 dex in our study is reached at the solar metallicity and drops by 0.69 dex in the range of [Fe/H] from +0.10 to +0.55 dex. Furthermore, stars in Figure 8 are color-coded by v sin i and we find some evidence that A(Li) seems to increase with increasing stellar rotation speed.
Carbon and Oxygen Abundances in the Thin and Thick Galactic Disk
We determined carbon and oxygen abundances for 78 observed stars including the Sun. The forbidden oxygen [O i] line at 6300Å was severely blended by telluric lines in quit many spectra of our sample of stars. This was the main reason why the total number of stars with determined carbon and oxygen abundances was lower than that for lithium. Stars in our sample were divided into the thin and thick disks according their chemical composition (see Mikolaitis et al. 2019 for more details). tained in our work are in agreement with previous studies (e.g., Bensby & Feltzing 2006; Brewer et al. 2017; Luck 2017) . In theory, oxygen is synthesized mostly in massive stars, while carbon is produced in stars of all masses. Thus, the ejection of some carbon is delayed in time with respect to oxygen, so the [C/O] offers a relative age clock for stellar systems (Tinsley 1979) .
Knowing the fact that oxygen is mostly produced in massive stars on a relatively short timescale (see Cescutti et al. 2009 results of the carbon evolution. The change in carbonto-oxygen as a function of oxygen-to-hydrogen strongly depends on the yields and timescales of carbon production in various types of stars. In Figure 11 we see a systematic difference between the thin and thick disks in the To explain this, carbon produced in both low-mass and massive stars has to be included. The difference between thin-and thick-disk stars in the carbon-to-oxygen abundance ratio as a function of oxygen-to-hydrogen abundance ratio plane for dwarf stars has previously been demonstrated by Bensby & Feltzing (2006) using 35 thin-and 16 thick-disk stars and by Nissen et al. (2014) who investigated 57 thinand 25 thick-disk stars. Bensby & Feltzing (2006) used the forbidden carbon ([C i] at 8727Å) and oxygen ([O i] at 6300Å) lines. Nissen et al. (2014) investigated the high-excitation permitted C i lines at 5052 and 5380Å, and O i at 7774Å). The stars in the work by Bensby & Feltzing (2006) were assigned to populations based on statistical probability of their kinematics. Nissen et al. (2014) derived C and O from two data samples obtained using different spectrographs: HARPS, FEROS, UVES, and FIES, and stars were assigned to the separate disks by both the chemical and kinematical approach. Our results confirm the separation of thin-and thick-disk stars in the [C/O] versus [O/H] plane using the homogeneous analysis of C 2 bands at 5135Å and 5635Å and the [O i] forbidden line at 6300Å, and taking into account the molecular equilibrium of these elements.
In addition, we see that both the thin-and thickdisk dwarfs have no [C/O] correlation with A(Li) in the [C/O] versus [O/H] plane (the right panel in Figure 11 ). To confirm this, we also checked the recent data by Luck (2017) and found the same.
Li, C, and O in Stars with Planets
Several previous studies have shown that stars with detected planets have different abundance patterns compared to those with so far no planets detected. The results, however, are still debatable (see, e.g., Israelian et al. 2009; Aubé et al. 2014; Delgado Mena et al. 2014; da Silva et al. 2015; Mishenina et al. 2016; Suárez-Andrés et al. 2017; Bensby & Lind 2018; Luck 2018b; Pavlenko et al. 2018; Carlos et al. 2019, and references therein) .
We found that 10 stars in our sample have exoplanets detected. In Table 5 we collected data on the exoplanets identified around those stars (Akeson et al. 2013 ). For 5 out of 10 we have both carbon and oxygen abundance measurements and all 10 have lithium abundances de- termined. For convenience, in Table 5 we also present the determined Li abundances and C/O number ratios from our work as well as the Mg/Si number ratios from Mikolaitis et al. (2019) , obtained from the same observational data and stellar atmospheric parameters as in our work.
In Figure 12 , we show lithium abundances for the sample stars and mark with colored symbols the stars with confirmed exoplanets. Four out of 10 planethosting stars have confidently measured A(Li) values. Four stars with relatively high effective temperatures (< T eff >= 6070 ± 200 K) with confirmed exoplanets have an average < A(Li) >∼ 2.4. The remaining six stars have much lower A(Li) abundances (< A(Li) >= 0.50 ± 0.3) with only upper limits measured and on average have lower effective temperatures (< T eff >= 5440 ± 185 K).
From the available data, we cannot see a discernible difference between the planet hosts and the stars with no planets detected regarding their lithium content (Figure 12) . From a larger sample of F, G, and K dwarfs of the Southern Hemisphere containing 100 planet hosts, Luck (2018b) also came to the same conclusion. Moreover, Carlos et al. (2019) emphasize a strong connection between lithium depletion and stellar ages, and notice that there is no significant difference in lithium depletion between known planet-host stars and stars with no planets detected, when the lithium abundance and stellar age correlation is analyzed. However, there could be planet-hosting stars like our Sun with quite low lithium abundances.
Theoretical studies suggest that the C/O number ratio as well as Mg/Si are important in determining the mineralogy of extraterrestrial planets. While the C/O ratio controls the amount of carbides and silicates formed in planets, the Mg/Si can tell us about the silicate mineralogy (e.g., Bond et al. 2010; Madhusudhan et al. 2014; Piso et al. 2016) . For stars with Mg/Si < 1, terrestrial planets will have a magnesium depleted mineralogy different from that of the Earth. For stars with Mg/Si ∼ 1 ÷ 2, Mg is distributed between olivine and pyroxene, leading to rocky planet compositions similar to the Earth. In case of Mg/Si > 2, all available Si is consumed to form olivine with excess Mg available to bond with other elements as MgO or MgS (Bond et al. 2010 ). Furthermore, the C/O number ratio as well as Mg/Si are important in the formation, atmospheric chemistry, interior structure for all types of exoplanets, and for the plate tectonics and habitability of terrestrial planets. For example, in order to constrain the interior structure of rocky exoplanets the stellar elemental abundances (such as Fe, Si, and Mg) are key constraints to reduce degeneracy in interior structure models and to constrain the mantle composition (Dorn 2015) . Recent observational data showed that C/O varies among planetary atmospheres and host stars, and even among planets within the same planetary system (Brewer et al. 2017; Suárez-Andrés et al. 2018) . Figure 13 shows the C/O number ratio as a function of metallicity. Stars are color-coded by age. First of all, we notice the nine stars with predominantly supersolar metallicities that have the C/O number ratios larger than 0.65, thus according to e.g., Moriarty et al. (2014) they may form carbon-rich rocky planets. This makes an unexpectedly large percentage, 12 % of the sample stars, which is a hundred times larger than it was found by . The percentage of 0.13 % for the carbon-enhanced dwarfs in the solar neighborhood predicted by is indeed probably Age, (Gyr) Figure 15 . Mg/Si number ratio as a function of the effective temperature. All 10 stars with so far detected planets are color-coded by age. underestimated since, e.g., Suárez-Andrés et al. (2018) found about 1 % of their sample stars having C/O ratio even larger than 0.8. Our stellar sample does not contain stars with C/O> 0.8, which necessarily should have carbon-rich rocky planets if detected. The mean C/O ratio for 53 sample stars within ±0.2 dex of the solar metallicity is 0.47 ± 0.12, this value falls exactly to the C/O peak found for the solar-vicinity stars by and Suárez-Andrés et al. (2018) .
In Figure 14 we show C/O number ratios as a function of Mg/Si. Stars with detected planets are color-coded by age. The Sun with our determined values of C/O = 0.54 and Mg/Si = 1.05 is marked as well. About 89 % Figure 15 as a function of the effective temperatures. Several thick-disk stars have Mg/Si> 2.0. The percentage of stars with exoplanets in our sample so far is very small, but with the new data from the NASA TESS space mission, there is no doubt, our homogeneous high-resolution abundance analysis in planet hosts will present a useful case for future studies.
SUMMARY AND CONCLUSIONS
In the presented work, we homogeneously investigated abundances of lithium, carbon, and oxygen in a sample of 249 bright dwarf stars of the northern sky with a rather broad metallicity range. The investigated stars have metallicities, effective temperatures, and ages between (-0.7 ÷ 0.4) dex, (5000 ÷ 6900) K, and (1 ÷ 12) Gyr, accordingly. We determined lithium abundances for all investigated stars and carbon and oxygen abundances for 78 stars of the sample. The stars belong mainly to the thin Galactic disk.
A(Li) is predominantly higher in the hottest, youngest, and more massive stars of our sample as expected. The decrease of A(Li) per 1000 K equals to 0.4 ± 0.1 dex for stars with A(Li) ≥ 2.0. The lithium abundance correlation with the effective temperature is similar for both the lithium-rich stars with A(Li) ≥ 2 and for those with A(Li) < 2.
We identified dwarf stars with similar ages, atmospheric parameters, and rotational velocities, but significantly different A(Li) values. We speculate that in addition to the above-mentioned main parameters, lowered lithium abundances in these solar-vicinity dwarfs could be caused by external factors such as the Galactic kinematic evolution and partially by presence of planets.
We confirm that chromospherically active dwarfs may have quite high lithium abundances. We found two such stars in our investigated sample.
Our work shows that even in a small volume of space in the solar neighborhood stars exhibit decrease of lithium at supersolar metallicities -the phenomenon that cannot be explained even by the most recent models. The highest lithium abundance of 3.00 dex in our study is reached at the solar metallicity and drops by 0.7 dex in the [Fe/H] range from +0.10 to +0.55 dex.
In the investigated sample of stars, we cannot see a discernible difference between the planet hosts and the stars with no planets detected regarding their lithium content. Both the thin-and thick-disk dwarfs have no [C/O] correlation with A(Li).
Nine stars with predominantly supersolar metallicities, i.e. about 12 % of the sample of 78 stars with C and O abundances determined, have the C/O number ratios larger than 0.65, thus may form carbon-rich rocky planets. These stars could be interesting targets for space (e.g., TESS and PLATO) and ground-based exoplanet search surveys. About 89 % of our sample stars have the mean value of Mg/Si = 1.26 ± 0.17, i.e. Mg/Si ratios are in the range between one and two, which would lead to rocky planet compositions close to that of the Earth. The remaining ∼10 % of the stars have Mg/Si<1.0, where terrestrial planets would have a magnesium depleted mineralogy with the mean C/O 0.48 ± 0.10.
The percentage of stars with confirmed exoplanets in our sample is still small and we plan to contribute in the analysis of the key elements like lithium, carbon, and oxygen in planet hosts with the homogeneous highresolution data at once the new data from the NASA TESS space mission will be available for stars in the Northern Hemisphere.
Information about columns and meanings of acronyms used in presenting the full online table of results for the investigated 249 stars. The main atmospheric parameters ( T eff , log g , [Fe/H] , v t ) of stars were taken from Mikolaitis et al. (2018 Mikolaitis et al. ( , 2019 .
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